Objective: To investigate the relation between the wall motion abnormalities and sodium channel abnormalities in cases of the Brugada syndrome. Design: Consecutive prospective case-control study in a single hospital. Setting: Tertiary referral centre. Patients: 13 consecutive patients with Brugada syndrome and 13 age and sex matched control subjects. Interventions: Each subject underwent electron beam computed tomography (EBT) and a 12 lead ECG before and after disopyramide injection. Main outcome measures: QRS width and the magnitude of ST segment elevation in the 12 lead ECG; wall motion by EBT. Results: After disopyramide, EBT revealed deterioration of focal wall motion abnormalities in the right ventricular outflow tract region in eight of the 13 patients (62%). Prolongation of the QRS width after disopyramide injection in lead V2, which usually reflects the electrical activity in right ventricular outflow tract region, was greater in these eight patients (p < 0.01) than in the other five patients, in whom wall motion did not change after disopyramide. The degree of augmentation of ST segment elevation did not differ significantly between the two groups Conclusions: The deterioration of wall motion abnormalities in the right ventricular outflow tract region after disopyramide suggests the presence of functional abnormalities of the sodium channel. Some patients with Brugada syndrome may have arrhythmogenic substrates with abnormal responses to sodium channel blockers.
T he Brugada syndrome is associated with a high risk of sudden death. 1 2 Several antiarrhythmic agents (sodium channel blockers) are known to modulate ST segment elevation in patients with this syndrome. [2] [3] [4] [5] Moreover, Chen and colleagues found mutations in the cardiac sodium channel gene, SCN5A, the first gene to be linked with Brugada syndrome, in three families. 6 However, the aetiology and arrhythmogenic substrate in this syndrome remain unknown.
Brugada syndrome is believed to occur in individuals with no apparent heart disease. The diagnosis of a structurally normal heart is based on the clinical features and on the results of routine cardiac imaging (coronary angiography, left and right ventriculography, and echocardiography). However, some studies have revealed wall motion abnormalities of the right ventricle in patients with Brugada syndrome. [7] [8] [9] [10] The relation between these abnormalities and the cardiac sodium channels remains unknown.
Electron beam computed tomography (EBT) is a relatively new and sensitive imaging technique useful in diagnosing several features of arrhythmogenic right ventricular dysplasia 11 12 and Brugada syndrome. 8 We used EBT to determine whether a class IA sodium channel blocker modulated wall motion in patients with Brugada syndrome, and to explore the relation between the change in wall motion and changes in the characteristics of the 12 lead ECG after drug treatment.
METHODS

Patients
We used a patient-control design. Thirteen consecutive patients with Brugada syndrome admitted to our hospital between December 1998 and December 1999 and 13 controls were studied. The patients were eligible for inclusion in the study if they met all the following criteria:
• a history of syncope, cardiac arrest, or aborted sudden cardiac death with or without documentation of ventricular fibrillation • no QT prolongation (corrected QT interval < 440 ms^)
• ST segment elevation (coved or saddleback type) in the precordial leads (V1 to V3) with or without right bundle branch block on the 12 lead ECG during sinus rhythm • normal findings on physical examination • no major abnormal findings of either right or left ventricular morphology or function demonstrated by chest radiography, echocardiography, and ventriculography • no significant stenosis detected on coronary angiography.
All 13 patients were men. They ranged in age from 27-62 years (mean (SD), 46 (10) years) (table 1). None of the patients appear in our previous report. 8 The control population consisted of eight age and sex matched healthy volunteers with normal hearts and normal ECGs, and five age and sex matched volunteers with normal hearts but with right bundle branch block, for assessment of the wall motion. Controls ranged in age from 27-57 years (mean 45 (13) years). All controls had normal findings on physical examination and no abnormalities of right or left ventricular morphology or function on chest radiography and echocardiography.
Written informed consent was obtained from all patients and controls, and all underwent EBT and drug provocation testing, as well as an electrophysiological study.
Drug provocation testing
We examined the effects on the 12 lead ECG of a single dose of the class IA sodium channel blocker disopyramide (2 mg/kg), which was infused over 10 minutes in all patients and controls. The 12 lead ECG was recorded at double amplitude (2 cm/mV) and paper speed (50 mm/s) before and three minutes after the completion of the disopyramide infusion. The QRS onset and offset were determined visually in all 12 leads. The magnitude of the ST segment was measured visually at 20 ms after the end of the QRS in only lead V2 because we found that the maximum ST segment elevation occurred in this lead in all patients. We evaluated the change in the ST segment elevation in lead V2 and in the QRS width in all 12 leads.
CT scanning technique
Each subject underwent EBT with a C-150 scanner (Imatron, San Francisco, California, USA). We were able to obtain a near short axis oblique view of the heart with this instrument. Initially, we performed serial volume mode scanning at end systole as previously reported. 8 A total dose of 60 ml of non-ionic contrast medium (iopamidol, 370 mg I/ml; Nippon Schering, Osaka, Japan) was injected through the right antecubital vein with a mechanical injector. Using the multislice mode, eightlevel scans were obtained with the injection of contrast medium to evaluate the function of both ventricles before and three minutes after completion of the disopyramide infusion, as previously reported. 8 
Assessment of morphological abnormalities
We evaluated the morphological and wall motion abnormalities visually by EBT. Each study was separately interpreted by two trained cardiologists and a radiologist who were blinded to the patient's clinical status.
We determined the wall thickness and aneurysmal change in both ventricles with volume mode scans, and evaluated any functional abnormalities (wall motion and wall thickening) in each of the chambers with movie mode scans. In the movie mode study, we compared the images before the disopyramide infusion with those obtained three minutes after the completion of the infusion. For visual semiquantitative right ventricular wall motion analysis, we made a 13 segment model of the right ventricle as previously reported. 8 For each segment, a score was assigned as follows: normal, 1; hypokinesis, 2; akinesis, 3; dyskinesis, 4. In all studies, focal hypokinesis, akinesis, and dyskinesis were defined, respectively, as decreased systolic excursion, no systolic excursion of a wall segment, and paradoxical motion of a wall segment compared with neighbouring segments, as assessed visually. Deterioration of the wall motion after the disopyramide infusion was defined as a greater decrease or disappearance of the segmental wall motion than before disopyramide. Diffuse deterioration of the wall motion was excepted because it probably represents the negative inotropic effect of disopyramide. Abnormalities were considered to be present if they were observed by two of the three observers. The sum of the wall motion scores for each subject was assessed to determine interobserver and intraobserver variabilities. Intraobserver variability was determined from triplicate measurements. Interobserver variability was determined from measurements by three observers.
We divided the patients into two groups (table 1) : a deteriorated group, consisting of patients with deterioration of the wall motion after the disopyramide infusion (n = 8), and an unchanged group, consisting of patients with no deterioration of the wall motion (n = 5). We compared the 12 lead ECG characteristics before and after the disopyramide infusion in these two groups of patients.
Electrophysiological studies
All patients underwent electrophysiological studies in the non-sedated state. All antiarrhythmic drugs were discontinued for at least five drug half lives before the test. A 6 French steerable quadripolar electrode catheter with 2.5 mm interelectrode spacing (EP Technologies Inc, Sunnyvale, California, USA) was introduced percutaneously through the femoral vein and positioned in the right ventricle under fluoroscopic guidance. Bipolar electrograms were recorded at more than 10 sites in the right ventricle. Abnormal bipolar electrograms were considered to be those with a low amplitude (< 1 mV) or long duration (> 70 ms), or both.
Programmed electrical ventricular stimulation was achieved using a 2 ms pulse duration at twice the diastolic threshold, delivered from a programmable stimulator (SEC-3120, Nihon Kohden, Tokyo, Japan). The protocol included an eight beat ventricular paced drive train at two basic cycle lengths (500 and 400 ms), followed by decremental introduction of up to triple extrastimuli at the right ventricular apex and right ventricular outflow tract. The end point was either reproducible induction of ventricular fibrillation or completion of the pacing protocol.
Statistics
Data are presented as mean (SD). Comparison of absolute values of QRS width and ST segment elevation before and after the disopyramide infusion in the two groups was done using repeated measures two way analysis of variance (ANOVA). Comparison of the difference (∆) in the QRS duration and ST segment elevation before and after the disopyramide infusion was done using one way ANOVA with a multiple comparison test. Assessments of the interobserver and intraobserver variability were also undertaken using the Bland and Altman method. Probability values of p < 0.05 were taken as significant.
RESULTS
The characteristics of the two groups of patients are presented in table 1. None of the patients were related. Their mean age was 48 (10) years in the deteriorated group and 42 (10) years in the unchanged group (NS). Of the patients in the deteriorated group, two had a normal QRS duration, five had incomplete right bundle branch block, and one had complete right bundle branch block. Of the patients in the unchanged group, one had a normal QRS duration and four had incomplete right bundle branch block. All 13 patients had several syncopal episodes with palpitations or aborted sudden cardiac death. Ventricular fibrillation had been documented in 10 of these patients on ECG recordings. The mean age of the controls with or without right bundle branch block was 47 (10) and 43 (12) years, respectively (NS). None of controls had a history of syncopal attacks.
Morphological assessment: assessment of the right ventricle
EBT findings in patients with Brugada syndrome
Before the disopyramide infusion, EBT showed wall motion abnormalities of the right ventricle in nine (69%) of the 13 patients. All these abnormalities were in the anterior basal region of the right ventricular outflow tract ( fig 1A) . There were no abnormal findings in relation to wall thickness or the focal presence of intramural or transmural fatty tissue. After the disopyramide infusion, there was deterioration in wall motion in eight patients ( fig 1B) . In two of them, the abnormalities were found only after the disopyramide infusion (fig 2) . The sites of deterioration in the wall motion abnormalities were limited at the anterior base of the right ventricular outflow tract region. None of the patients in the unchanged group had diffuse deterioration of wall motion after the disopyramide infusion.
EBT findings in the control subjects
None of the controls, with or without right bundle branch block, had abnormal findings in relation to wall thickness or the focal presence of fatty tissue on static images. In none of the controls were there wall motion abnormalities or deterioration of the wall motion after the disopyramide infusion.
Morphological assessment: assessment of the left ventricle No abnormal left ventricular findings were observed in any of the patients with Brugada syndrome or in the control subjects, either before or after the disopyramide infusion. There were no significant differences in either interobserver or intraobserver variability between the two groups of patients and the controls.
Twelve lead ECG findings
QRS duration in patients with Brugada syndrome
The mean QRS durations before and after the disopyramide infusion in the 13 patients with Brugada syndrome are presented in table 2. No significant difference between the two groups was present in any lead. After the disopyramide infusion, the mean QRS duration increased in both groups in all the leads (p < 0.05). In lead V2 only, the mean difference in the QRS duration compared with the pre-disopyramide value (mean ∆QRS duration) was larger in the deteriorated group than in the unchanged group (23 (5) v 10 (3) ms, respectively; p = 0.0001) (table 3). Representative ECG findings are shown in fig 3. 
ST segment elevation in lead V2 in patients with Brugada syndrome
Under control conditions, all patients showed ST segment elevation (coved or saddleback type in precordial leads V1-V3) during sinus rhythm. The maximum ST segment elevation occurred in lead V2. The mean ST segment elevation before disopyramide was 0.28 (0.24) mV in the deteriorated group and 0.27 (0.10) mV in the unchanged group. After disopyramide, the magnitude of the ST segment elevation increased in all patients (p = 0.001). Mean ST segment elevation after disopyramide was 0.51 (0.35) mV in the deteriorated group and 0.41 (0.08) mV in the unchanged group. There was no significant difference between the two groups in this variable.
The mean difference in the magnitude of the ST segment elevation before and after the disopyramide infusion (mean ∆ST) was 0.24 (0.12) mV in the deteriorated group and 0.14 (0.07) mV in the unchanged group. The difference was greater in the patients in the deteriorated group than in those in the unchanged group, but this did not reach significance (p = 0.15). Representative ECG findings are shown in fig 3.
QRS duration and ST segment elevation in the control subjects without right bundle branch block
The mean QRS duration before disopyramide in the controls without right bundle branch block was less than in the patients with Brugada syndrome in all leads (p < 0.05). None of the control subjects had either pronounced ST segment elevation (more than 0.16 (0.02) mV in lead V2) or QTc prolongation (more than 377 (13) ms 1 ⁄2 in lead V2) under control conditions. After the disopyramide infusion, the patients in the unchanged group showed a larger mean ∆QRS duration (p = 0.17 in lead V2) and a larger mean ∆ST than the control subjects. However, there were no significant difference in these variables between the patients in the unchanged group and the control subjects in any lead.
Electrophysiological study
No abnormal bipolar electrograms were recorded in the right ventricle in any patient. The mean HV intervals were 41 (7) ms and 38 (4) ms in the deteriorated group and unchanged group, respectively (NS). Ventricular fibrillation was induced in seven patients (88%) in the deteriorated group and in four patients (80%) in the unchanged group (NS) by double or triple extrastimuli from the right ventricular apex or outflow tract region (table 1) .
DISCUSSION
Our findings show that wall motion abnormalities of the anterior base of the right ventricular outflow tract region can be detected in a substantial number (69%) of patients with Brugada syndrome using EBT under control conditions. Eight of our 13 patients with this syndrome had further deterioration of the wall motion in the anterior basal region of the right ventricular outflow tract after the disopyramide infusion. In two of these eight patients, the wall motion abnormalities were unmasked after the disopyramide infusion. We also found that patients with deterioration in wall motion after disopyramide had significant prolongation of QRS duration and a larger change in QRS duration in lead V2-which reflects the electrical activity of the right ventricular outflow tract region-than the patients with no impairment of wall motion after disopyramide. Thus we found that patients with the Brugada syndrome show heterogeneity of response to sodium channel blockers, and that the area with this heterogeneous response is in the right ventricular outflow tract region.
Although Brugada and colleagues found no clear underlying heart disease in their patients and proposed that the cause of the syndrome was an electrical disorder, 1 some other studies [7] [8] [9] [10] have reported wall motion abnormalities of the right ventricle in patients with the Brugada syndrome. Martini and colleagues found morphological and wall motion abnormalities of the right ventricle in five of six patients, and observed right ventricular enlargement, significant fibrous adipose replacement in the free wall, and fibrosis of the bifurcating bundle and proximal bundle branches in one necropsy case. 7 Corrado and associates reported that four of seven members of a family affected by the syndrome, and in whom characteristics including right bundle branch block, ST segment elevation, and sudden cardiac death were observed, had structural abnormalities of the right ventricle on echocardiography. 9 A recent study carried out by us using EBT 8 showed that patients with Brugada syndrome had a high incidence of wall motion abnormalities in the right ventricle, which suggest that this condition may be associated with underlying heart disease involving the right ventricle, especially the right ventricular outflow tract region. In some studies it has been found that class IA and IC sodium channel blockers may augment the ST segment elevation. [2] [3] [4] [5] Moreover, some mutations in the cardiac sodium channel gene SCN5A-a gene linked to Brugada syndrome-have recently been reported. 6 13 In the present study, we found that some of our patients with Brugada syndrome showed further deterioration in wall motion in the right ventricular outflow tract region after disopyramide-that is, these patients may be more sensitive to sodium channel blockers in that area of the heart. As we found no wall motion abnormalities before or after disopyramide in the controls with right bundle branch block, we conclude that the observed abnormalities in wall motion are not caused by asynchrony of depolarisation but are specific to the Brugada syndrome. We suggest that in these patients the deterioration in the wall motion abnormalities detected by EBT may be functional and may be related to sodium channel abnormalities.
We believe this is the first study to demonstrate a relation between wall motion abnormalities and an abnormal response to sodium channel blockers, and that sodium channel abnormalities may be present in the right ventricular outflow tract region in patients with the Brugada syndrome. Other patients with this syndrome but without deterioration in the wall motion after disopyramide also showed a longer mean ∆QRS duration and a larger mean ∆ST than the control subjects. We therefore suggest that patients with Brugada syndrome are likely to have an abnormal response to sodium channel blockers, but that EBT revealed deterioration in the wall motion after disopyramide only in those patients who had severe sodium channel abnormalities.
In the six patients with wall motion abnormalities at baseline and with deterioration in wall motion after disopyramide, we speculate that the baseline abnormalities may be a manifestation of a depolarisation abnormality based on a sodium channel defect, or they might indicate underlying structural heart disease. In the three patients with wall motion abnormalities but no deterioration after disopyramide, we assume there may be underlying structural heart disease, but the aetiology of this remains unclear. As the number of such patients was so small, we need more data on similar cases for a better understanding of the aetiology of wall motion abnormalities unresponsive to disopyramide.
In our study, the mean difference in the magnitude of the ST segment before and after disopyramide was greater in the deteriorated group than in the unchanged group, but this difference was not significant. Some basic studies of experimental models of the Brugada syndrome have suggested that ST segment elevation is related to an increased transient outward current (I to ) in the right ventricular epicardium but not in the right ventricular endocardium. 14 15 Disopyramide has modest I to blocking properties 16 and these could mask any differences in ST segment elevation.
Study limitations
Flecainide, a class Ic sodium channel blocker, is widely used in provocative testing to unmask the ECG phenotype of Brugada syndrome because of its strong use dependent blockade of the fast sodium current. 17 18 We initially used flecainide in a few of our patients; however, on EBT all these patients showed diffuse deterioration in wall motion after the infusion, probably because of the strong negative inotropic effect of this agent. Because of this, we were unable to assess the specific changes in wall motion abnormality. In the present study, therefore, we used disopyramide as a sodium channel blocker, because of its weaker negative inotropic effects.
We undertook genetic analyses on 10 patients but did not identify any genetic disorders. As the number of patients was so small, further data are needed for a better understanding of relation between gene mutation and focal wall motion abnormalities in patients with the Brugada syndrome.
In order to evaluate whether the presence or absence of the wall motion abnormalities observed has prognostic relevance, we need to collect prospective data on spontaneously occurring ventricular tachyarrhythmias.
Conclusions
Deterioration in wall motion abnormalities in the right ventricular outflow tract region after a disopyramide infusion suggests the presence of functional abnormalities of the sodium channel. This means that some patients with Brugada syndrome may have arrhythmogenic substrates with heterogeneous responses to sodium channel blockers in the right ventricular outflow tract region. 
